ABSTRACT Studies were conducted to evaluate the level of dietary 1,25-dihydroxycholecalciferol [1,25-(OH)2D3] required to decrease the incidence of tibial dyschondroplasia (TD) in male broilers at 3 and 5 wk of age. The birds were reared in floor pens with wood shavings and fed a corn-soybean meal diet supplemented with 0, 3, 6, or 9 MgAg l,25-(OH) 2 D 3 . The diet contained, by averaged analyses, 0.73% calcium, 0.74% total phosphorus, and 0.22% phytate phosphorus. There was no treatment effect on body weight or gain: feed at either age. The incidence and severity of TD and
INTRODUCTION
The addition of 10 /^g/kg 1,25-dihydroxycholecalciferol [l, 2D3] to a low calcium, high phosphorus broiler diet has been reported to decrease the incidence and severity of tibial dyschondroplasia (TD) and increase bone ash (Edwards, 1989 (Edwards, , 1990 Edwards et ah, 1992) . However, in some cases, feed efficiency (gain: feed) was decreased when 10 Mg/kg was fed.
A recent report utilizing histological techniques to diagnose TD confirmed the finding of Edwards (1990) that 5 ^g/kg may be effective in decreasing TD in broilers (Rennie et al, 1993) . Whitehead (1992) reported that 5 /xg/kg l,25-(OH) 2 D 3 will also prevent TD in broilers fed a diet balanced for calcium and phosphorus.
In all of these studies, experiments were conducted in electrically heated battery brooders. The level of l,25-(OH)2D3 required to decrease the incidence of TD in broilers housed similar to a commercial setting has not been evaluated. The objective of this study is to estimate the requirement of l,25-(OH)2D3 for the prevention of 2 To whom correspondence should be addressed. Hoffmann-LaRoche Inc., Nutley, NJ 07110. the percentage of severe lesions were decreased and bone ash was increased by 6 ^g/kg l,25-(OH)2D3 at 3 wk of age. At 5 wk of age, the incidences of TD and severe lesions were decreased when 6 ng/kg l,25-(OH)2D3 was fed. Bone ash was increased by this level in one of the two experiments. Plasma calcium was increased at 5 wk when 9 /ig/kg l,25-(OH)2D3 was fed, but there was no treatment effect on plasma dialyzable phosphorus or l,25-(OH)2D3. The results indicate that 6 ^g/kg l,25-(OH)2D3 is effective for decreasing TD under practical rearing conditions. 1996 Poultry Science 75:90-94 TD in broilers reared under practical conditions and fed a diet marginal in calcium according to the NRC (1984).
MATERIALS AND METHODS

Animals and Diets
Two identical experiments were conducted utilizing day-old Peterson x Arbor Acres broiler cockerels. The birds were placed in 24 floor pens with wood shavings at 24 birds per pen. Each of the four treatments was replicated six times. The chicks were reared on a continuous light schedule using incandescent bulbs. Feed and water were provided for ad libitum consumption throughout the 5-wk experimental period.
The basal diet used was a TD-inducing diet (Edwards and Veltmann, 1983) , which is low in calcium and high in phosphorus (Table 1) . Levels of l,25-(OH) 2 D 3 3 were added at 3, 6, or 9 Mg/kg to the basal diet in liquid form using propylene glycol as a carrier. The same diets were fed for the entire 5 wk. Natural zeolite was added at 0.20% as an indigestible marker for the analysis of calcium and phosphorus retentions. However, due to technical difficulties, these parameters were not evaluated. The diets were calculated to contain 22% crude protein, 3,232 kcal/kg metabolizable energy, 0.65% calcium, 0.72% total phosphorus, and 0.50% available phosphorus and were analyzed after each mixing. The analyzed values for (Key words: 1,25-dihydroxycholecalciferol, bone ash, broiler, plasma 1,25-dihydroxycholecalciferol, tibial dyschondroplasia) Experiment 1 for the first 3 wk are 0.80% calcium, 0.77% total phosphorus, and 0.24% phytate phosphorus. At 5 wk, the values are 0.71% calcium, 0.77% total phosphorus, and 0.23% phytate phosphorus. In Experiment 2, the values at 3 wk are 0.75% calcium, 0.74% total phosphorus, and 0.18% phytate phosphorus. At 5 wk, the analyzed values are 0.67% calcium, 0.70% total phosphorus, and 0.22% phytate phosphorus. The high values for calcium may have been due to the possible incorporation of limestone into the soybean meal to make the meal a better free-flowing feed ingredient.
Blood
At 3 and 5 wk of age, one bird per pen was chosen randomly and a blood sample was obtained by cardiac puncture. Plasma calcium (Section N-31) 4 and dialyzable phosphorus (Section 7 N-46) 4 were measured each time birds were bled. Plasma l,25-(OH)2D3 was measured at 3 wk of age in Experiment 1. The receptor for the l,25-(OH)2D3 assay was obtained from the thymus gland of a 5-mo-old calf and the cytosol protein was extracted (Reinhardt and Hollis, 1986) .
Bone
At 3 wk of age, 12 birds per pen were killed by asphyxiation and inspected for incidence and severity of 4 Technicon Autoanalyzer Methodology, Technicon Corp., rytown, NY 10591.
Tar-TD (Edwards and Veltmann, 1983) . The left tibia of five birds per pen was removed for bone ash determination on a dry, fat-free basis (Association of Official Agricultural Chemists, 1955). The remaining birds were killed at 5 wk of age and the procedure was repeated as before.
Statistical Analysis
Data were analyzed together for the two experiments using the General Linear Models (GLM) procedure for ANOVA and regression analyses. Treatment mean differences for the combined experiments were separated by orthogonal contrasts at P < 0.05. The data for incidence of TD and severe lesions were subjected to nonlinear regression and the breakpoint between the descending line and the plateau was determined using the DUD method of the NLIN procedure (Helwig and Council, 1979) . All statistics were conducted on the basis of pen means where pen is the experimental unit.
RESULTS
There were no treatment effects on body weight or feed efficiency at 3 or 5 wk of age. Plasma calcium, dialyzable phosphorus, and l,25-(OH)2D3 were not affected at 3 wk. However, there was a linear increase in plasma calcium at 5 wk. Plasma calcium was significantly higher in the birds consuming 9 /xg/kg l,25-(OH) 2 D3 than the birds eating the basal diet.
Supplementation of the diet with l,25-(OH)2D3 resulted in linear decreases in TD incidence (P < 0.065), TD severity, and the percentage of severe lesions at 3 wk of age (Table 2) . At 5 wk, TD incidence decreased linearly (Table 3 ). There was a treatment by experiment interaction for percentage number 3 scores. The percentage of severe lesions was decreased linearly (P < 0.068) in Experiment 1. However, a quadratic response was observed in Experiment 2. The effective dosage of dietary l,25-(OH)2D3 to decrease incidence and severity of TD in this study was 6 ng/kg.
Bone ash was increased at 3 wk of age when 6 jtg/kg l,25-(OH)2D3 was added to the diet. However, there was a treatment by experiment interaction for bone ash at 5 wk (Table 3) . Bone ash continued to be higher when at least 6 /xg/kg l/25-(OH)2D3 was fed in Experiment 1. There was no effect of l,25-(OH)2D3 on bone ash at 5 wk in Experiment 2.
Because 3 ptg/kg l,25-(OH)2D3 was generally not effective in decreasing the incidence of TD in these studies and 9 ^g/kg was not any more beneficial than 6 /ig/kg, the data were contrasted between 0 and 3 ^g/kg vs 6 and 9 Mg/kg l,25-(OH) 2 D 3 . At 3 wk of age, there was a decrease in incidence of TD (P < 0.009), severity of TD (P < 0.021), percentage of severe lesions (P < 0.001), and an increase in bone ash (P < 0.001) when 6 /xg/kg or more l,25-(OH) 2 D 3 was fed (Table 2) . At 5 wk, there was a decrease in incidence of TD (P < 0.005) and percentage of severe lesions (P < 0.006), and increases in bone ash (P < 0.046) and plasma calcium (P < 0.015) ( Table 3 increase in plasma Icium was actually caused by 9 jtg/ kg alone (P < 0.0c,. The treatment by experiment interactions for bone ash and percentage severe lesions were again evident when the data were contrasted separately (Table 4) . Bone ash was increased (P < 0.001) and percentage severe lesions was decreased (P < 0.016) by 6 and 9 /ig/ kg l,25-(OH)2D3 in Experiment 1. However, there was no significant difference in bone ash (P < 0.456) or percentage severe lesions (P < 0.189) in Experiment 2. The decrease in severe lesions when 3 iig/kg l,25-(OH)2D3 was fed in Experiment 2 prevented a significant response. There was a decrease (P < 0.016) in percentage severe lesions in Experiment 2 when all three levels of l,25-(OH)2D3 supplementation were contrasted against the basal diet.
The l,25-(OH)2D3 requirement to decrease TD in general and severe lesions was estimated by nonlinear regression to be 6 /xg/kg at 3 wk. After 5 wk, the requirement to decrease TD was still 6 Mg/kg. However, the requirement to prevent severe lesions was estimated to be 6.4 /xg/kg.
DISCUSSION
The results of these studies confirm the previous reports that less than 10 iig/kg l,25-(OH)2D3 can decrease TD without affecting growth or feed efficiency (Edwards, 1990; Rennie et al, 1993) . This report also demonstrates that l,25-(OH)2D3 can decrease the incidence of TD in broilers reared on litter.
Tibial dyschondroplasia was induced by a low calcium, high phosphorus diet. The actual requirement for calcium for maximum bone ash when l,25-(OH)2D3 is fed is actually about two-thirds of the calcium requirement when l,25-(OH)2D3 is not in the diet . The average level of calcium fed in the two experiments conducted was 0.73%. Hence, when an adequate level of l,25-(OH)2D3 was fed in these studies (6 iig/kg), the calcium level of the diet relative to the diet with no added l,25-(OH) 2 D 3 was about 1.10%. Therefore, the relative calcium to nonphytate phosphorus ratio was approximately 2.2:1. Even with the increase in phytate phosphorus utilization due to dietary l,25-(OH) 2 D 3 (Edwards, 1993) , the relative calcium to available phosphorus ratio is similar to feed formula- of dietary 1,25-dihydroxycholecalciferol on growth, plasma minerals, and Means within a column with no common superscript differ significantly (P £ 0.05).
tions present in the industry. However, future studies with lower dietary phosphorus levels should be conducted to determine the benefits of l,25-(OH)2D3 on leg abnormalities in broiler chickens. The different responses to dietary l,25-(OH)2D3 for TD illustrates the variability involved when conducting research in this area, as the incidence of TD in the birds fed the basal diet was twice as high in Experiment 1 as in Experiment 2 at 3 wk of age. The different responses at various doses also reflects the variation inherent within treatments when only half the birds were examined for TD at 3 and 5 wk of age.
The decrease in the development of TD was a smaller response than has been observed in experiments conducted previously in battery brooders (Edwards, 1990; Edwards et al, 1992; Rennie et al, 1993) . The cholecalciferol requirement may be higher than 1,100 IU/kg under these growing conditions. Other factors such as mycotoxins may have influenced the results (Walsar et al, 1982) by affecting vitamin D metabolism.
Although 6 Mg/kg l,25-(OH)2D 3 clearly increased bone ash at 3 wk in both trials and at 5 wk in Experiment 1, the lack of a response at 5 wk in Experiment 2 is surprising. Because only five bones per pen were used for bone ash analysis, random sampling and variation within pens of individual birds within each treatment may have resulted in lower ash levels than expected for the birds fed 6 or 9 jtg/kg l,25-(OH) 2 D 3 in Experiment 2.
The etiology of TD is complex. However, it is becoming more clear that a defect in vitamin D metabolism may be playing a major role. Xu et al. (1992) reported that the DNA binding domain of vitamin D receptors from chicks with TD is normal when measured in cultured growth plate chondrocytes. However, in recent in vivo studies, they found that chicks with TD had lower levels of calcium binding protein-28K and type X mRNA. 1,25-Dihydroxycholecalciferol is capable of upregulating its own receptor activity (Costa et al, 1985) , which occurs at the messenger RNA level (Pike, 1991) . Therefore, l,25-(OH)2D3 may autoinduce its own receptor protein.
In the studies by Xu et al. (1993) , chicks with TD did not have different levels of serum l,25-(OH)2D3 than (Newbrey et ah, 1988) . Elliot and Edwards (1992) observed no correlation between the average TD lesion score and plasma l,25-(OH)2D3. It appears that the major cause of TD in the rapidly growing broiler may be a problem in vitamin D metabolism at the receptor level. This problem is overcome when any vitamin D metabolite hydroxylated at the 1 position is fed at an adequate amount (Edwards, 1990) . The requirement for l,25-(OH) 2 D 3 in broilers to decrease the incidence of TD was estimated to be 6 /tg/ kg under practical conditions. However, dietary l,25-(OH)2D3 may not be required for the entire growing period.
